This paper is concerned with the flow of a bubbly fluid along a wavy wall, which is one Fourier component of a linearized hydrofoil. The bubbles are dispersed, not throughout the whole of the liquid, but only over a certain distance from the wall, as occurs in practice with cavitation bubbles. Outside the bubbly regime there is pure liquid.
Introduction
Cavitating ship propellers emit sound. This may reach in the region around 1 KHz an intensity of 150 dB in the far field spectrum. The dangers associated with such a strong sound emission are obvious for navy vessels, but also with merchant ships the strong sound emission causes great discomfort inboard. The spectral distribution of the emitted sound looks like that sketched in Fig. 1 , taken from the thesis by Buist [1] . Such distributions can be measured on model scale. It is, at the present time, not possible to predict from such measurements what the full scale emission is, in magnitude and in spectral distribution. A study on cavitation sound prediction is being made by us in cooperation with the Maritime Research Institute in the Netherlands (MARIN).
It has been known for a long time that the sound stems from the collapse of cavitation bubbles. Recently, however, evidence was gained that only at high frequencies does the sound come from individual bubbles, while at lower frequencies interaction between bubbles is important.
The work by Omta [2] and Buist [1] showed in particular, that a broad plateau at 1 KHz is generated by clouds of collapsing bubbles. At MARIN experiments were carried out in this connection. A hydrofoil (for a detailed description see Buist [1]) was positioned in a cavitation tunnel. Small gas bubbles were injected in the flow adjacent to the hydrofoil. In this way a bubbly flow passed closely near the foil. Under influence of the pressure distribution associated with the flow along the hydrofoil, the bubbles grew and collapsed. t Pressures in the water flow, resulting from this interaction between the bubbly layer and the outer (pure liquid) flow, were measured. Bubbles could, at the injection site, be produced intermittently or continually. In both cases the measured sound intensity, as derived from the pressure fluctuations, agreed well with the theory in Omta [2] and Buist [1] . In these theories the hydrodynamics of collapsing clouds of bubbles is considered. For the phenomena inside a cloud, equations are used which were derived in Biesheuvel & van Wijngaarden tIn practice bubbles contain both gas and vapour. The difference in behaviour with gas filled bubbles is quantitative rather than qualitative. [3]. These equations are established by averaging on the mesoscale. The latter is a scale in between the microscale (in the case of a bubble cloud represented by the inter bubble distance) and the macroscale (for example the chord length of the hydrofoil). Such average equations predict a steady flow, both in the bubble layer and in the outer flow, when external parameters as incidence, rate of injection of bubbles and incoming flow velocity, are kept constant. Such a flow, by its steady nature, does not emit sound. Nevertheless, sound emission is observed. This has two causes. Firstly, bubbles cluster together and form clouds, which is an unsteady process. Secondly, fluctuations around the average quantities contribute to sound emission. These fluctuations are suppressed by the averaging process. It is important to estimate the contribution by the fluctuations, because, if they are important, the use of average equations would be dubious or would, at the least, not provide a sufficiently complete description of the generated sound intensity. In the present paper our attention is focused on the sound emission by fluctuations. In a bubbly flow various fluctuations may occur. Buist [1] , see also Buist [4] , considers fluctuations of the local void fraction caused by fluctuations of the pressure inside the bubbles. He concludes that the sound intensity produced by these can be estimated to be 90 dB, which is considerably smaller than the observed sound intensity of cavitating flows which is as mentioned earlier, 150 dB.
Another type of fluctuations mentioned by Buist [1], but not taken further into consideration, is caused by relative motion between bubbles and liquid. Relative motion in a bubbly flow occurs whenever there are accelerative forces. In vertical pipe flow, for example, this is buoyancy. In the case of the flow of a bubbly fluid along a hydrofoil it is the pressure gradient associated with the curvature of the foil. This works on both the gas and on the liquid, but because of the different inertia, both phases obtain different velocities under the same pressure gradient. The relative motion causes fluctuating velocities in the bubbly part of the fluid and therefore also of the interface between this and pure liquid outside the bubbly layer. The fluctuations of the interface, in turn, lead to sound emission in the pure liquid. Our aim is to calculate the intensity of this. We don't take a complete hydrofoil but consider instead an infinitely long wavy wall of wavelength A only. The wavy wall is a well known concept in aerodynamics because, within the context of linear theory, the flow along a thin hydrofoil can be obtained from the analysis of one wavelength by Fourier synthesis.
The flow configuration is sketched in Fig. 2 : along a wavy wall the height of which is in a two-dimensional x, y frame given as the real part of
